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® Solid electrolytic capacitor and method of manufacturing the same. 



@ A solid electrolytic capacitor comprising; 

an electrolyte comprising a conductive polymer i) having a repeating unit of at least one compound selected 
from a heterocyclic compound and ii) containing as a dopant at least one anion selected from a naphthalenesul- 
fonate. an alkyi naplithalenesulfonate at least one of hydrogen atoms on the naphthalene ring of which has been 
substituted with an alkyI group having 1 to 12 carbon atoms, an anthraquinonesulfonate, and an alkyl 
anthraquinonesulfonate at least one of hydrogen atoms on the anthraquinone ring of which has been substituted 
with an alkyl group Inaving 1 to 12 carbon atoms; 

CM said electrolyte being provided on a valve metal on the surface of which a dielectric film is formed by anodic 

^oxidation or anodic chemical conversion. 

Also disclosed is a method of manufacturing the solid electrolytic capacitor, in which the electrolyte is 

CO formed by electrolytic polymerization. '^'^•^ 

CM 
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SOUD EUHCTROLVT,C CAPAC.TO« ANO MHTHOO O. MANUPACTUB..O TH. Sm. 

BACKGROUND OF THE INVENT^ 
5 Field of the Invention 

manufacturing the same. 

Description of the Prior Art 

75 

have a larger capacity, resulting in a very t^'Qh =05t _ .^^^^^^ dry electrolytic 

on the other hand, those known as ^^^^^^^^^^^^^^^^^^^ capacitors can achieve a .arge 

raoacitors and aluminum or tantalum solid e'®*^*^^'^^'';.^, ^ . ^ ^^^q very thin. but. on the other 

capacrsince the anode oxide film that ^^-^^^l^^^^^^^^^ and cathode for the purpose oi 

Sand are required to be provided with an ^^.^^^^^'V*^^ 1" „ ^ged anode and cathode aluminum foils 

epai'ring damage. In the aluminum ""^^^^^^^ 1/ ^ '"^P^^^"^*^' ' "'t 

anDlied with etching are wound up interposing a =®P^'^'°, ^ electrostatic capacity or increase 

eSyl" Hence.'they have the disadvantages ^u^,'^^^^^^ a decrease of e ^.^^ 
^f loss (tan a) may i-reasingly occur -^^^ ^^^^^^^^^^^ and low temperature characteristics 

electrolyte, and at the same tme the h gh ^^"^^^ ^ electrolyte. 

may become extremely poor because of the ion cond^ manganese dioxide is used as a solid 

\ the aluminum or tantalurn .^f ^J'^' ^S^^^ e'ectrolytic capacitors can be better 

electrolyte so that the disadvantages in t^^^'^f^®^^ ^^^^^ element in an aqueous manganese 

Sfm naled This solid electrolyte is obtained by '"^"^^^f f^"^^ ^om 250 to 350' C. In the case of 
rarsotution. followed by t^^-mal <ie-^^^^^^^^^ XrlTom thl disadvantages that the electro.^e 

this capacitor, the electrolyte -s solid, and herefore ca because of its solidif.cat.on at low 

40 is evaporated at high temperatures and '^^ P!^°~^ temperature characteristics compared 

temperatures, so that it can show good ^^^''^^'^^XT^pe^^ncB or loss at high frequency regions 
with the capacitors that employ *e ^^"-^1 e^ect^^^ 7^Sg,,e than those of the laminated ceramic 

however, are in values which XZ^t^^^eltJ^TL the oxide film may be damaged because of the 
capacitors or plastic film "P^-^'^^^^' manganese dioxide has a high specific resistance^ 
thermal decomposition of manganese mtrate and the m^^^^^^^^ ^ semiconductor. 7,7.8,8- 

On the other hand, it -s /f^^^'l^ ^ °f°^^^^^ 
tetracyanoquinodimethane complex salt (hereinafter TCNQ^^^^^^^ 9^ ^^9^^ ^^^^^^^^ ,.,,,,,3. 

superior anodic oxidation ability, is used as a ^''"^ ^l^^^"^^^^,,;^'^^ ^ invention made by the same 
Slosed in Japanese Patent ^-^''^^.^^.'t^^^ 'aid-open Application No. 58-17609 
aoolicants as those in the present aPP^';f °" J"*; " J^inum solid 

Snceming an invention made by Shin-ich. Niwa J ^'^^^^^^^^^ and temperature characteristics 

r?CNQ salt can achieve remarkably improved freq-enjy c^^^^^^^^^^^^^ ^ ^^^,,y ^ 

and low leakage current characteris^cs The J^^NQj^^ ^^.^^^ ,^ ,,,, , „gh temperature 

= So^al dry e Jroly«c capacitor. 
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solvenror r^aTe; r^^^^^ - ^^^^^ dissolving . in an organic 
the thermal decompositL that olcTllTZZ^^^^^ 

etectrical conductivity and so a superior anodic S on ab.r that ?" 1-'"'° ^° ^ '^'9" 

Characteristics to provide a capacitor with a large capacity ^ ^^^"^ ^'^^ frequency 

comSiinrC^^^^^^^^^^ an organic semiconductor 

58-17609) is used as the solid electr^ytic capSr Ac^ord^na to .hf ^^^^^^^ '-''^''^P^" Application No. 
type aluminum electrolytic capacitor is Impregnated w^tt^TN^Jr f '"r^ " "'"^'"P 

that a strong bond Is attained between the TCNrsalt and n!il n ^ '^^^'"'^^'""S the TCNQ salt, so 
the TCNQ salt contributes the high elecTica^lnSctS Tfs ots^i'' ''^^ ''^^ 

remarkably improved in the frequency characterises and iSn^rT ^'^""'^ ^" "P^^^''^^ 
already disclosed in the above Japanese Laid onTn Ino, ? '^^P^rature characteristics. As having been 
by the same applicants, in which he or0a^^ semiS^^^ ^ invention made 

solid electrolyte, the TCNQ salt, havino a^hTghereTectrS'^^^^ such a TCNQ salt is used as the 

(repairing action) than the manganese dioxide enableroerfor^^^^^^^^ ability 
Characteristics and temperature characterises t? the^o,re"S2f 

dioxide, 'n this prior art invention, a TCNQ salt comored n Jr.^^^ ^^^^ capacitor using the manganese 
its N-posltion With an alky, group is heated an2 meTted so that tS o"de ^^^^ 
20 In more recent years, a solid electrolvtir ran=.. »r ! u '''"^ impregnated with it. 

such as pyrrole and thioohene is .nW,ZZ\:Z::Z"r P'.°P°=«^ ^ heterocyclic nnonomer 

highly conductive polymer contalr^mafanion oM^e t n ''t''T"'^''°'' "^''"^ ^ ="PP°rt electrolyte, and a 
an .Ode. which Is used as an e.e^lyr.CrS^^^^^^^ 

tetrairr/oS ^^^^z^^ s:::zz::;i:^T '7 ^-^^ — ^ 

Of these halide ions as the dopant tends to cause dednrnn i' ^ ^ conductive polymer containing any 
temperatures. Thus, when exposeJJo a hiS temoeraS^ h?'""'.?"'' '""^^"^^^ ^^"'^'^^'"^ f^-Qh 
Characteristics of the conductive polymer caneTeot iti'''^^^^^^^ '"'^'^ 
problem that the ions thus dedoped tend trdJeriorate an Inf T"^''"' '^"'^ "^^^ ^^^'^ 
toluenesulfonate ions, though relatively srable in a driS. ,t f""?!,,^'"-"'""'" dielectric film. The para- 
presence of water brings about detSti^fof thLlm 2 ^' ""^'^ ^^"^ ♦'^^ P^o'^'^'" tf^^* the 

current of capacitors fnd also ca se Jea c fnge TZL "'^T' T'^'^ '^'•9^^ '-^^S^ 
difficult to realize a solid electrolytic capacitor w^h hTlh T . has been 

conductive polymer is used as the elec^Me characteristics and high reliability in which the 

Of monomers. Alternatively, an electrolytic pdvl; fSm k .IoVh °" °' electrolytic oxidation 

formed, followed by chem'ical converifo reacTon 2 th^'Se^fiirf "'^"^ '"^ ^""^ 

however, the chemical conversion reaction is carried out W^rnnl V , °" "^'^ 

electrolytic polymer film may undergo changerin qua if o ti ^wf'^^^^^ polymer film, so that the 
lowered. Hence, it has been hitherto considered ri LnT ^ adhesion to the valve metal may be 
polymer film Is formed on the valve metal " ^'^'''^^ ^ 9°°^ electrolytic 
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so.ld'e",:cT4£ cap-r?a!^rgt^^^^^^^ '•"--^ ^'^^ P^'- art and provide a 

and reliability under high ter)^ e'rat^^e T^^^^^^^^^^ P^^'^^i-^ '-^--y characteristics 

same.- ^ u e ana nign humidity conditions, and a method of manufacturing the 
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Tom ^.f"'/* ""-P""" °°:lZ^attaMo™" hydrogen aoms on to naphthal.no rmg 

Slhaionosullonatt. an alkyi «l'™»'t=f'"°"f °„ 'a caLn atoms, an anthraouinonasulfonato. 
Twlh has ooen ^'"'^'^^^^ZXo^y^o^^^'- ^ ant^ragclnono „ng o, «Hoh 1,as 

cflid electrolyte being provided on a vaive mwici 

Sodloo»da«on or anodic cl»mM con«,.^^^^^ „ , ,„..„«oo. ,ho 

..^ot'^SoCtinirrfsr^^^^^^^^ 

mo-eafto,.dl,erin9thoroonrnanga>.oso tod.^ and ^ p„,y„,fea«on aoluton 

SSng a"'r L'a ^o^r ar.SrLSaWo. hU • -o.,.c a.d gr„„P o, . hydro., 
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exposed to a high temperature; and^^ ^^^^.^^ ^ ^^^^^^^^^ ^3^,,^ of manufacturing a soi.d 

e,ectro;;rc capk«ed in an example of the present invention. 
DETAU^DESCRIPTI^ 

..esuifonate that can used in the. esen^^^^^^^^^^ 
naphthalene ring or anthraquinone r.ng. The 9 ^^P/^^^g J.,hain form or a branched form. When 
fonate or anthraquinonesulfonate ^'^^^Vbe u'sJd so long as the number of the alky! group .s a 

substituted with the alkyi group. ^^^^or ^thraquinone r' g. and the number of carbon atoms of 

least one per one ring of the "^Phthalene nng °^ ^^^^^^ ^e abruptly lowered with an '"c ease .n 

the alkyi group is at least one. Since, however, tl^^ soiuD. iiy y preferably used are sulfonates, 

Z number of substitutents or number of carbon from i to 3 per one ring of 

len substituted with the aikyl group. ';,^-"9J5Val ~ atom number of the alkyi group m the 
Z roHroT r ^ Ja^ThTartoTe rped"'pSse one kind selected from the above compounds 
or"mly comprise a mixture of any of them. thiophene, furan. or derivatives thereof. 

Th^e heta^cycllc comp^nd ^^^^^^^^^Z:. '.s an^node meta. serving as the valve 

rtarsTsJdrs^revr:!. . -^^^^^^^^ .e va.ve metal having thereon^a 

- The conductive polymer ,3p£hered by electrolytic polymerization using he above 

dielectric film on which --"Sanese d'O-de^^ ^oTnaphthalenesuLnate or anthraquinonesulfonate or 
heterocyclic compound as a '^o"°'^f/"^*^,^,TZ^ a support electrolyte. Alternatively, it is also 
aS naphthalenesulfonate or aikyl f '^'^'^;"'?7^"S?^ using a suitable oxidant that may 

possible'to form an electrolyte film by chem.ca^ ^wed by alnic exchange so that the above an.on ,s 
Sot deteriorate the dielectno '''-^ .°*J'^!f3°'"' can be used in the form of a free acd. or .n 

rs;:? at:;:.rrmo^urs:ir: . doped with the su^ imon 
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with difficulty under high temperature and high humidity conditions and also the electrical characteristics of 
the conductive polymer may be deteriorated only to a very small extent. The dielectric film of the anode 
aluminum can also be suppressed from its deterioration due to dedoped anions. Hence, use of this polymer 
as an electrolyte makes it possible to obtain a solid electrolytic capacitor having a small loss and leakage 

5 current and suffering less deterioration of capacitor characteristics under high temperature and high 
humidity conditions. In the case of the naphthalenesulfonate or anthraquinonesulfonate. the dedoping may 
occur with more difficulty because of its molecular structure, and also the mechanical characteristics of the 
polymer film can be expected to be improved. The manganese dioxide is adhered on the anode metal 
provided with the dielectric film, in order that the conductive polymer film can be readily formed by 

10 electrolytic polymerization, applying a voltage through an auxiliary electrode made in contact therewith from 
the outside or using as an electrode the anode itself having the dielectric film, and also in order that the 
anode chemical conversion ability possessed by manganese dioxide can improve the repairing properties of 
the dielectric film. 

In a preferred embodiment of the method of manufacturing the solid electrolytic capacitor according to 
75 the present invention, the electrolytic polymerization reaction is carried out using as a poiymerization 
solution a solution containing a solvent, a monomer, an electrolyte and a polymer having a carboxylic acid 
group or a hydroxyl group. The anions doped in the electrolytic polymer film are stably fixed. The chemical 
conversion ability can be also improved, thereby achieving a decrease in leakage current. 

The conductive electrolytically polymerized polymer in the method of the present invention should 
20 preferably be a polymer obtained by anodic oxidation polymerization of a monomer including pyrrole, 
thiophene, or derivatives thereof. 

The polymer contained in the polymerization solution may preferably be a polymer selected from 
poiyhydroxystyrene, novolac resin, poly methacry lie acid, polyacrylic acid, or copolymers of these. This 
polymer is optionally added in the polymerization solution. When added, the intended effect of the present 
25 invention can be more readily obtained 



EXAMPLES 



The present invention will be described below in greater detail by giving Examples, 



Example 1 

35 

On a 8 x 10 mm aluminum etched foil, a dielectric film was formed by anodic oxidation using an 
aqueous 3 % ammonium adipate solution and applying a voltage of 35 V at about 70* C, followed by 
immersion in an aqueous 30 % manganese nitrate solution and further heating at 250 *C for 10 minutes, 
thereby adhering thermally decomposed manganese dioxide on the surface. An anode was thus prepared, 

40 An auxiliary electrode made of stainless steel was brought into contact with the resulting anode foil, which 
were then immersed in an electrolytic solution comprising pyrrole (0.3 M), sodium naphthalenesulfonate 
(0.15 M) and water. Thus, an electrolytic polymer film comprising polypyrrole doped with naphthalenesul- 
fonate anions was formed through the auxiliary electrode. The resulting electrolytic polymer film was 
washed with water and then dried. Thereafter, carbon paste and silver paste were coated on the electrolytic 

45 polymer film, a cathode lead was taken out. and further a sheathing was carried out using epoxy resin to 
obtain 5 pieces of capacitors. After aging at 13 V. average values for initial capacity and loss at 120 Hz and 
leakage current at 10 V were found to be 13.4 uF. 3.2 % and 0.78 uA, respectively. After the capacitors 
were left to stand at 125* C for 500 hours under unloading, the values were found to be 13.1 uF, 3.4 % and 
3.4 uA. respectively 

50 For comparison, capacitors were prepared in the same manner except that tetrabutylammonium 
perchlorate (0.15 M) and acetonitrile were used in place of sodium naphthalenesulfonate and water, 
respectively. In this instance, the average values for Initial capacity and loss at 120 Hz and leakage current 
at 10 V were found to be 12.7 uF. 3.4 % and 820 uA, respectively. After the capacitors were left to stand at 
125* C for 500 hours under unloading, the values were found to be 7.5 uF, 7.1 % and 1,640 uA. 

55 respectively. 

As is evident from the above, when the polypyrrole doped with naphthalenesulfonate anions is used as 
the electrolyte, solid electrolytic capacitors can be obtained which have superior initial leakage current 
characteristics and also undergo less deterioration of the capacity, loss and leakage current characteristics 



5 



EP 0 358 239 A2 



perchlorate anions. It was also f ^/"^Jj^^^^ capacitors were left to stand for 500 hours under 
^ere obtained as to the '^^^'^^f^'^ZTuM,^^^^^^ ^ ^'^^ '""^''^''^ T'*'"'^' 

rrorr=:reC.^h^?tr eCC;^ caU according to the present invention has verv 
lupeSr Stircharacteristics and reliability characterist,cs. 



Example 2 

~ e 1 was repeated but usin. sc^^ ^^^X'^ ^^^^^ 
naphthaienesulfonate. to complete ^'Tclrrlnt at iX^V were found to be 13.8 uF. 3.0 % and 0.92 u A. 
capacity and loss at 120 Hz and ^^^'^^^J'^'^^^^l, '° iss'C for 500 hours under unloading, the values 
respectively. After the capac-tors -ere 'eft to ta^d ^ ^^^^^^^ here was aso 

were found to be 13.5 uF. 3 4 % J;.^^^^;^'JS^g me present invention has very superior m.t.al 
established that the electrolyte capac or ^^j;"^^^^^^ /^^ here in the same manner as to 

characteristics and reliability potassium isopropylnaphthalenesu fonate 

re"re%;c«v^?-rr '-ance of the corresponding sodium salt were 
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Example 4 

H'ple 1 was repeated but using -um trHsopr^^^^^^^^ 
naphthaienesulfonate. to complete %P'^f ^^^^ J'^'J^v wer^ be 13.1 IlF. 3.5 % and 0.66 u A. 

capacity and loss at 120 Hz and ^-f^^^J''"^^^^^ '° iJ^c for 500 hours under unloading, the values 
respectively. After the capac.tors we^ left to stand ^ J 2^ ^^^^^^^ ^_ ^^^^ 3 

were found to be 12.9 uF. 3 8 % ^"^^^.^^^^^^g' ^^^^^ present invention has very supenor m.t.al 
established that the electrolyte capac^or ,ed as to an instance in wh>ch the 

Characteristics and reliability "^.^^^f '^^^.^^^ changed to aceton.tnle. 

s^oXn^rfurr Lr^^^^^^^ - - - 

. Example 4 

"le 1 was repeated but using sodiu. ^^^^^^^^7^ ^^L^y^ lirLrS 

■ naphthaienesulfonate. to '^^'^P'^?, j/J^?^ found to be 12.8 uF. 3.1 % and 1.1 UA. 
capacity and loss at 120 Hz and '^^^^9;^^;^^^^^^^ ^^^-c ,or 500 hours under unloading, the values 

■ respectively. After the capaators were left to f^^^^ 'J^ of Example 1. here was a so 

to^he present inventon has very supenor .n.t,a. 

Characteristics and reliability characteristics. 
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Example 5 

";p,e1 was repeated but U3.g sodium n.^^^^^^^^^^ 

naphthaienesulfonate. to complete ^P'fr^ be 13.3 uF. 3.6 % and 0.86 UA. 

capacity and loss at 120 Hz and l^^^agyurren^^^^^^ 10 V we ^^^^^ ^^^^^ ^^^^^^.^^^ 

respectively. After the capaotors we^ 'j" to tajid ^ J ^.^^ „ Example 1. here was also 

rb.rer;?t:rere^^^^^^^^^^ - - 

characteristics and reiiabliity characteristics. 
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In an aqueous solution containing a pyrrole monomer (0.5 M) and a support electrolyte sodium 
anthraqu,nona-a6-disulfonate (0.1 M). constant current electrolysis was carried oufat 5 mXcm^ for 10 
m.nutes usmg ITO glass as the anode and platinum as the cathode, to obtain on the anode^ po^mlr fi Im 
of polypyrrole doped w.th anthraqulnone-2.6-disulfonate anions. This was peeled from the anode and 

rSh^, ^2^^ '° "^^^^ measurement of changes with time of electric^ conductivity 

Results obtained are shown in Rg. 1 (by the line with circles). i-onauciivny. 

For comparison, also shown together in Fig. i are examples of a polypyrrole prepared in the same 
manner as the above except that sodium p-toluenesulfonate was used as the support electrl e and a 
poh/pyrrole prepared m the same manner as the above except that tetra-n-butylammonium percWor^te was 

trLn.iVf„' tnT'' ^--^ shown by the line S 

triangles for the former, and the line with x-marks for the latter ) y i « "ue wixn 

«nth«!,.l!!/L!l^''''ir' from these results, the capacitor comprising the polypyrrole doped with 
anthraquinone-2.6-d.sulfonat9 anions has very stable characteristics under high-temperSre conditions. 

Example 7 

On a 8 X 10 mm aluminum etched foil, a dielectric film was formed by anodic oxidation usinq an 
aqueous 3 % ammonium adipate solution and applying a voltage of 35 V at about 70 'C followed by 
immersion in an aqueous 30 % manganese nitrate solution and further heating at 250 'C fo 10 minutes 
thereby adhering thermally decomposed manganese dioxide on the surface. An anode was thus prepaid 

warH^n^-^ "^h" ""^""^ °' ^''^ ^^^^'^'^Q anode foil wS 

were then immersed ,n an electrolytic solution comprising pyrrole (0 3 M) sodium ^nthrJu^LTo W 
disulfonate (0.1 M) and water. Thus, an electrolytic polymer' film LpSnrpoTpyrroirdTped 
an hraqu.none-2,6-disulfonate anions was formed through the auxiliary electrode The resulting eleSolv c 
polymer film was washed with water and then dried. Thereafter, carbon paste and silver Se w^^^^^^^ 
on the electrolytic polymer film, a cathode lead was taken out, and further a sheathing was carried out us ng 

atTo wltu^H^Tf.? ^^'"^ ^' ^^^^^^^ ^^'^^^ capacVand S 

at 120 Hz were found to be 13.7 uF 1.8 % respectively. After the capacitors were left to stand at 125' C for 
500 hours under unloading, the values were found to be 13.3 uF and 1.9% respectively 

perchbViToTMWndTr'l?/^ ''^ '""^^ """"""^ ^'^•^^P* 'f^^* tetrabutylammonium 

Zn J^nTl ^ , f acetonitnle were used in place of sodium anthraquinone-2,6-disulfonate and water 

27 S and r,Tt ^ T'^' ^^P^-^'^^ ^"^ ^20 Hz were found to be 

12 7 UF and 3.4 %, respectively. After the capacitors were left to stand at 125*0 for 500 hours under 
unloading, the values were found to be 7.5 uF and 7.1 %. respectively 

nsprt^U" ,h?^?* t'T.*''^ ^^-T: polypyrrole doped with anthraquinone-2.6-disulfonate anions is 
used as the electro yte. solid electrolytic capacitors can be obtained which have superior lnitia° loss 
Zn2T f° deterioration of the capacity and loss after they were left at i S 

th7,nht,nr'n IL ""'°'"?^" """^P'^"" "'"^ "^'^ °' perMe anions. It was also seen 
«^at substantially the same results as the high-temperature shelf test were obtained as to the characterisS 

T^ZTT.nV"T'°'" "''"^'^ *° ""'-^'"9 ■■" environment of ' 0 and 

Lot ^ sufficiently high humidity resistance. The above results establish that the 

SSwh.'r?.f I- 'T""' '° P^""""* "'^y ^"P-""-- Characteristics and 

reliability charactenstics. Capacitors were also prepared here in the same manner as to instances in which 

ammonium anthraquinone-2,6-disulfonate and potassium anthraquinone-2.6-disulfonate were respectively 
used ,n place of sodium anthraquinone-2.6-disulfonate, and the same results as the instance of the 
corresponding sodium salt were obtained. sicince or me 
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^ntf,?^'"'"® 7 was repeated but using sodium anthraquinone-2.7-disulfonate in place of sodium 
amh aquinone-2,6.d.sulfonate. to complete 5 pieces of capacitors. After aging at 13 V. average values for 

wTe le?t? L'd atT^Vr f Sn?" '''^ "'^ ' ' -^P-«vely. After th'e capacitoTs 

T-!! 1 f . I ^ unloading, the values were found to be 13.0 uF and 1 6 % 

. pt Jfir?»""'\ ""^'^ ^' ^^'^ ""^^ established that the electrolytic capacitor according to the 
present invention has very superior initial characteristics and reliability characteristics. Oapacitors were a so 
prepared as to an instance in which the pyrrole was replaced with a mixture of pyn-ole and N-methylpyrrole 
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,„a instance In »«=h so,v.n. w» changed to ac«,..,o .Wophen, was .s... 

5 Example 9 

. e^an-'pla r »as ,epaa,a» « usi., -^1^ Xra"« *3 V " SXT^ 

and loas at 120 H2 ware found to be 13.4 UF ^d , ^ ^ ^ 2 ^ L*e the 

r„r?nl':«?u;e:Hn;.rcna,ac.,,.a.ca and re„abl»„ *a,ac«r,a«ca. 

75 Example 10 

antn,a,uinona-2-sdfon.ta. to comp ete 5 ^^^'^^^^'Z^ T^. .ospecti.al,. Afta, the capacitora were 
capacity and loaa at 120 Ha weta found to ''fj ,„„„d ,„ 6, ,3.0 uF and 2.2 %. Uke 

rn~:e'ropan» ««a, cnaracta«,ca and «.,aP«,ty cha,actena,,ca. 

25 Example 1_[ 

^a.p,e .0 waa tapaatad Pot ds,n, =;<'.t-— '"S^^^^^^^^ 

„.,„y,antS,a=,oinona.r-at,lfonat. to "■^P'^J 3%7/2r2 , raaplctlvaly. «ter the capacitora 

initial capacKy and losa at 120 Hz were found to J« J^f^''; "° „ be 12.9 uF and 2.4 %. 

were lef.'^.o atand a. '^^ = ^',nr:a," S"a^SSd*r«^^^^ -pacitor according to the 
Uke the instance of Example 10. '"'t^^Z^mc, and reliability characteristics, 
present invention has very ^f^'' the Instances where water is used as the 
in the foregoing Examples. solvents may also be used so long as they 

TiT.z'Z:^'f-^'^^^^'-^^ — " """" ° 

"TJo foreg^ng Examp^a. -cHp,o„ Is^made ^^^^^'^~:,:T:2t:^£:lZ 
rndraS,r,h::Sn':aa"':r :y^ra^a N™S^^^ are used, out thiophena or a deriva^ea 

'n°r,o^rtimp,srr:£;r^^^^^^^ 

r.?and"r obred1oSr;o'i;"c cTit^ra having auperlo, re,,a»ity like the Instanc. 0, 
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A preferred embodiment of the method of manufact.rir,g the solid electro-ytic capacitor accordir^g to the 
present invention will be described below. ^^^^^ manufacturing the solid 

F,g. 2A and 2B are ^^Q-'f'^^*'^^' "^tJe Sesent invention. As shown in F.g. 2A. prepared is an 
electrolytic capacitor according to an «^^^"^P^'^ ,ead electrode 2 for capacitors has been 

aluminum foil 1 serving as the vaK/e ^^f\'°'^fJ^J'^Z an be increased. Next, as shown in Fig. 2B 
attached, and etching is first ^^^ZTuS^o T^^^ adipic acid solution. The oxide film 3 is 

an oxide film 3 comprising A aOa .s formed us.ng ^J^^^l^^.J^^^^,^ Thereafter the aluminum fo I 
formed by a conventional method mScanese solution followed by thermal decomposi- 

S ratmfn: X STX^^^T^^^^^Ioo' C to form a MnO. .m. Next, on the surface 
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thereof, the electrolytic polymer film is formed. Since, however, the dielectric film is Interposed^ the 
electrolytic polymerization does not take place and no formation of the film is made if a voltage is applied 
using the anode 2 of the capacitor as a polymerization electrode. Now, as shown in Fig. 3. an electrolytic 
polymerization electrode 5 capable of initiating polymerization is externally provided in the manner that It 

5 comes into contact with the Mn02 film, and an electrolytic polymerization opposite pole 6 is further 
provided separately from the electrolytic polymerization electrode 5. In a polymerization reaction vessel 7 
as shown in Fig. 3, a polymerization solution comprising an electrolytically polymerizable monomer, a 
support electrolyte and a polymer having a carboxylic acid or hydroxyl group is provided. The polymer is 
selected from polyhydroxystyrene, novolac resin, polymethacrylic acid, poiyacrylic acid, or copolymers of 

10 these. In this polymerization solution 8, aluminum foil 1 with the above MnOa film is immersed and then a 
voltage Is applied at a level higher than the polymerization potential between the electrolytic polymerization 
electrode 5 and electrolytic polymerization opposite pole 6. As a result a polymer film (not shown) is first 
formed on the electrode 5. Thereafter, starting from this place, the polymer film is made to gradually grow 
toward the surface of the manganese dioxide film 4. After the polymer film has completely covered the 

75 surface of the manganese dioxide film 4, the electrolytic polymerization is completed, and the surface of the 
polymer film is washed, followed by drying. Thereafter, though not shown, a lead electrode of the cathode 
for the capacitor is attached using carbon paste, silver paste, etc. Then, sheathing is finally carried out 
using epoxy resin or the like. The electrolytic polymerization electrode 5 may be provided in plurality. The 
electrolytic polymerization opposite pole 6 may be provided anywhere in the polymerization reaction vessel 

20 7 so long as it is positioned separately from the electrolytic polymerization electrode 5. The electrolytic 
polymerization 5 should preferably be small in size than the electrolytic polymerization opposite pole 6. 
Description follows in greater detail. 

A material used under the rating of 16 V, 10 iiF. having been conventionally subjected to etching, was 
used as the aluminum foil. After the film formed by chemical conversion was provided using the aqueous 

25 adipic acid solution the aluminum foil with the oxide film was immersed in an aqueous 30 % manganese 
nitrate solution, followed by thenmal decomposition treatment in the air at 270 'C for 15 minutes. For 
comparison, a electrolytic polymerization solution containing no polymer was first prepared from pyrrole 
(0.5 M/t) tetraethylammonium paratoluenesulfonate (0.1 M/1) and acetonitrile. Using a platinum wire as the 
electrode at the electrolytic polymerization starting point, a voltage of 5 V was applied between this 

30 electrode and the cathode to carry out the reaction for 15 minutes. Thereafter, washing was carried out 
using alcohol followed by drying. Next, Aquadag (trademark; a product of Ascheson Colloids Co.) was 
coated on the whole surface of the resulting electrolytic polymer film, and thereafter the cathode lead 
electrode was attached using silver paste. Finally, sheathing was effected using epoxy resin. Next, the 
product was subjected to aging under application of a voltage of 20 V at room temperature for 2 hours. 

35 Characteristics of the resulting capacitor are shown below in Table 1 (based on average values of 5 pieces 
of samples; capacity in liquid: 10.0 uF (120 Hz)). 

Table 1 



40 



Capacitor characteristics 


Sample 
0): 












120 Hz 


1 KHz 






C 


tan5 


C 


tan5 


Leakage 
current 16 V 


ESR at 
500 KHz 


9.5 
UF 


2.5 

% 


8.8 
uF 


3.8 

% 


0.5 
UA 


30 
mCl 



A capacitor (Sample 2) prepared in the same manner, but using a polymerization solution in which 2 
of polyhydroxystyrene was dissolved showed the characteristics as shown in Table 2. 

55 
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Table 2 
Capacitor characteristics 



Sample 
(2): 



120 h 




1 KHz 






C 


tans 


C 


tanS 


Leakage 
current 16 V 


ESRat 
500 KHz 


9.7 
UF 


2.7 
% 


8.9 


4.0 
% 


■ 0.1 


35 

— ! 
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20 



25 



.3 ,s e..ent.v seen .o. ..es. .e X'^s^lreScZ "'^^^^^^^^^^^^^ 
high as 9.7 (approximately 7 va£e as very small as 35 mn for 

The equivalent series resistance f ^"j^ f,^f ° ''^^g^ trequenc; characteristics are superior. The leakage 
aluminum electrolytic capacitors, showmg the h,gh We j 

current also showed a value as very ^"1^" ^^^^^'^^^JS' C for 700 hours (H) and high-temperature and 
results as shown below. 

Table 3 
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Reliability test results 






Sample (1) AC 
(120 Hz) 


Sample (2) AC 
(120 Hz) 


125" C, after 700 H 

70 'C. 90% RH, after 200 H 


-8 % 
-25 % 


-3 % 
-5% 
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. be dissolved in the polymerization solution, similar results were also obtained when 

As the polymer to be dissolvea J copolymers of these, was used, 

other novolac resin, methacrylic acd. acryl.c ^^^^^ 3,, -.^^^ a solid electrolytic capac.lor and a 

AS described in the above, the present '-^^^^^^^^^J/^^mer having a repeating unit of at least one 
method of manufacturing the same in which the '^''^^T^^^ f J^. 33 3 dopant at least one anion selected 
SCound selected from a heterocyclic comp^^ P ^toms on the 

from a naphthalenesulfonate. an alkyi "^P"^ 2""^;"';°;Xl ^ '^^^'"^ 1 to 12 carbon atoms, an 
naphthalene ring of which has '^SaS^^^^^ °* '^^'^"3'" °" 

anWinonesulfonate. and an alkyl ^"^'^^fJ^Hri^^^^^ 

Sraquinone ring of which has been substituted w,* an^^^^^^^ P J electrolytic capacitor can be 
Ts the electrolyte. Thus, the present mven .on ^^Ji'?^^^^ leakage current characterisjcs 

obtained with ease, which has superior '"'^J .^^'^^J^^^^^^^^^^ current when left to stand at a high 

Tem^rrunr ^sS^S^^^ — ^ ^ 

rrrSerred embodiment of the method ^;;^t:: ^^^t^^^:^ 
to tl^e present invention, the electrolytic P^^^-^^^ -'^^^^^S J^p. after manganese dioxide has been 
he poUer having a carboxylic acid group or ^ ^yd °xy^ 9 P ^ ^^^.^ ^^^^^^^^.^ capacitor having 

;:f S j-^^^t^^^^^^^^^ ^^^'^ ^"""^ ^^^'^^^"^^ 

leakage current). . , . ^ 

A solid electrolytic capacitor compnsing. repeating unit of at least one compound selected 
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naphthafenesulfonate. an alkyl naphthalenesulfonate at ip^*cf r.n^ u ^ 

of which has been substituted with an aZToTi^'lnal ^ °" naphthalene ring 

and an alkyi anthraquinonesulfonate at teas one of hvTlln . anthraquinonesuifonate. 

been substituted wi^h an alkyi group ha!"g^To ,2 ea' bonrms " -9 of which has 

rdiforrnofa^^^^^^^^^^^ - - which a dielectric fil. is for.ed by 

forn:X^XlZ^Z<r'''''''''' -^-'^ -^''^^ e.ectrolyte is 
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1 . A solid electrolytic capacitor comprising; 
an electrolyte comprising a conductive polymer i) havinq a reoeatino unit nf =.t i,.,.^ 

from a heterocyclic compound and ii) contalninn « ^ ^ * 9 compound selected 

naphtha!enesuifoLa.anarjnaph?ale esuE^^^^ '^^'"'^^ - 

of which has been substituted with an alky g ou^^^^^^^^ °" naphthalene ring 

and an alkyI anthraquinonesulfonate at leas one o^ hyTroVen ^ om^^^^^^^^ " anthraquinonesulfonate. 

been substituted with an alkyi group having 1 to 12 carbon ^ms "ng of which has 

rdifo^fdrn^ofa:^^^^^^^^^^^ - Of Which a dielectric film Is formed by 

thioptr ^"""^'^ '''^''^^ ^^^-^'"^ *° ^- --'n ~ocyc.lc compound is pyrrole or 

from^CgrpSntrjofsSL^^^^^^^^^^^ naphtha.enesulfonate is selected 

naphthalenesuifonate. napnthalenesulfonate. ammonium naphthalenesulfonate. and potassium 

naphthatenetlfottr'"' "^"''"^ "'^'"^ naphthalenesulfonate Is sodium 

selected^r^thfg';^u^^onSof a"^^^^^^^^^ f ^1", ^^'^ '^''^ naphthalenesulfonate is 

a n-dibutylnaphtha?enes:3^r:::d:ryr^^^^^ ^ triisopropylnaphthalenesulfonate. 

.opfop^aStrn^^^^^^^ naphthalenesulfonate is sodium 

fonate. or sodium n-dodecylnaphthalelTesSte '^■^•'^'^^y^-^P^ti.^lenesul. 

Uoa^\LToT"on:LlTZ.Z^^^ ^'^"^ V'^'" anthraquinonesulfonate is selected 
potassium anthraquSSonate ^"^^-^"-onesulfonate, ammonium anthraquinonesulfonate. and 

^^^^^ 

tantalum or tn-'m ''" "'^^"""^ *° ^'^^^'^ -'^ metal comprises aluminum. 

forminn t I??°f-°rr^""^^'*"'''"3 ^ electrolytic capacitor, comprising: 
forming a dielectric film on a valve metal; ^"'y. 
adhering manganese dioxide on said dielectric film- and 

electrolytic polymerization. substituted with an alkyl group having 1 to 12 carbon atoms, by 



11 



BNSDOCID- <EP 0358239A2 I > 



EP 0 358 239 A2 



10 



75 



A ™*od o, ..nu^crlng a s« .,e*o,v.c capaCo, acc»*. . C,,.. », whoro. 
forming on a valve metal an anodized film and herea^^^^^ ^ polymerization solution 

f monomer ,.teet«l from th. grow consistrng 01 pyrr^^^^^ ^ ,7, „„„„„ sa,d 

"Ts A m,«od o. n,an*c»dn9 l,^''^J^tt,Suorr. group consisting of polyhydrox- 
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F1G.2A 



FIG. 2B 
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